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(54) MAGNETIC RANDOM ACCESS MEMORY 
(57)Abstract: 

PROBLEM TO BE SOLVED: To store many bits in a cell, and 
lessen the cell area, too. 

SOLUTION: A memory cell is composed of a TMR element and a 
MOS transistor. The source diffused layer 13 of the MOS 
transistor is connected to a source line 15, and a drain diffused 
layer 16 is connected to the TRM element via local interconnect 
wiring 22. The TMR element is caught between the local 
interconnect wiring 22 and a bit line 23. The TMR element is 
composed of two TMR layers, TMR1 and TMR2 stacked vertically. 
Each TMR layer can have two states (the direction of spin is 
parallel or antiparallel), so the TMR element can store four-value 
data. A current drive line 24, which generates a current magnetic 
field, is arranged right below the TMR element. 
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TMRBfB, 2O0TMRITMR1, TMR2*6 
TOM, TMRBW, BBB224IMI(« 
MUM) 230B(c***in»4. 
[0084] TMRBWBTICB, IIIUK^ 
F7-FI)24«h4.®»S24tt, t 
vh^23ATO^(^A^)(cauili 
tofifi(n^)(c|tfTt>*. TMRJRWB. 
t-;F823Wh4W5ift!il(i24(can4 

4, 

[0085] WB, 04iC^tJ:5H:, TMRjR-f 
B. 2-30TMRBTMR1, TMR2i83WKa* 
itofc«li(2BK9*TMR«i) WIXM, i 

m, •mmmntmm'wmw 

TMRl, TMR2(Dfl(C, *8tt$SI4SEfit4. 
[0086] liU mil B50BICWJ:H. 1 
2-70TMRI8TMR1. TMR2 
t^U M««Bttl(/TiJ:i>. 
[0087] fcfc, *BtB. TMRIW. 2o©T 
MRM*6tA3h. TMRBW4fiir05 ! -« 
eBT»iC4«rft£l/tBBbfctf, MRB, 3 

^mmmmmmmnmx 
mmumi, 

[008 8]fl4ICiitfJ:9&Ba»TMRttBtiM 
tm< TMR1BTMR1, TMR2B. 

mmumxm, $mmmt 

m*b, TMR1TMR1, TMR2CD7^7 i D^ 

nub. mwioHmiXM. 
[008 9] mit mmnw, t^m 

OTMRBTMRl ®r^f B-IFIfiB. WXitt 
i. TMR/STMR 1 , TMR2IC. CW) 

mmwnmi mum, m 
rbtmri. mimmf-wrm 
mn, 

[oo9o] m, mi mmmmm 
u tt, mm%<omxmmmm 

-f DATA ltltiMf. C©B$, TMRI8TMR2 
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(Cfe. f-^DATAl^iiJhtin, 
[008 1 1 *CT. COB. MM gftBi)B24 
(XBtOB*KJ:94«3h5Bff) © 
a3S36tCMBU. i3 80SA©(ai8rTMRfflT 
MR2(Cf->DATA2miM». C©D$, 
mt TMRBTMRI©f-*tl*BiSfc*IC 
+»ft**S«l/tl>ftl»fc». TMRfflTMRKC 
f-.fDATA2#iB«WC4Bft<, MD 
ATAl#*0*«flW3W, 
10 [0092] COJlW. TMRiTMR2W4f 
-mi&MC^IWB, TMRBTMRlWtt 

ami. 

[00931 mm, 2WMRBTMR1, T 
mm». thtM?Ftt23&01BRftS 

20 0. 2-50TMRBTMR1. TMR2B. 00*83 
OBMjWiC4t8)B4t^S a 
[00941 fit, i^iiMW, TMR 
1TMR1, TMR2iV3(t4BB^88tliBHC 
4U TMR1TMR1, TMR2©7a?n01B 
ttilSC4M4«#. Chicfttt. TMRl 
TMRl, TMR207Xfo-(FBItttBBC4 
U TMRBTMR1. TMR24«»iBff©^i 
ttAiJ:5«:i/t6J:H, 

[0085] us. vmwm. tmritmr 
30 i, mRimmmm&iwt m 

B. TMRBTMRl, TMR25;, t?F«23XB 
«BBttB2 4 fr^ffitt^SMtCS^iltllCth 
fftSBtftBil*. C©«te(C&>U, HS©TM 
RfllcaR»ICf-^B8iitfC4*T85 l 
[0096] cn»(C^Uc©«6S^7T 

[OO97]06B.$(!a©Rtt©W6©Ettr 
im©»Pr4©l^lt04, 
[00881 MK)f!BB,fiBmm#, ffiflS 

40 m\t mmwrntrnwat, 
nmmm^mtmxn. corn 
m&hm, mmumx\t mm 
m\\:\t mmmmt wMbxw 
n, 

[0 09 9] c©«a mmmumt 
timmwwi mmt 2o<dtmrs 

TMRl, TMR2JC, 
OC4W84. 

[01001B7B. Bft&MMftKTMRflTMR 
SO 1, TMR2»4tt»^Ln>4. 
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[010 TMRBTMR1, TMR2©8I 
tmtitm, TMRBTMRlKf-HI 

[0102] it TMRBTMR2ICf-«8«ii 

mm, mywmmwmwt 

[0103]CCt. TMRBTMR1, TMR2(Cf 

mrbtmri, immtwoK u 
t, m. mmm\vcf-mmm 

It TMRBTMRlOfflBt.SaixlCj:04fS3 20 

mmmm\ yummmvt 

[OlO^COMICttfeWCtt, 

[oi 05] mil mmw. tiL\im 

iEttiTMRBTMRliOEB. TMRISTMR 
1. TMR2HKDEA Stf. J»ly^4Efi 
4TMRISTMR24©« With, tT*4i 
«4. Bi8lxtfifiME8!4TMRIBTMR14© 
EBB. t.S«Iy0Sft6Sfi4TMRflTMRl 30 
iMIt.Zt&ftftfcibdMRBfOKIt.B 
«n).H6©«(lU9, ly = 2*1 

(MH»WMHffl«l).TMRBTMRllCf-> 

[0108] C©#, TMRBTMR2(C»0tB. $ 

nil TMRJSTMR2tCf r -5f?Jiffl*ii$^iCi« 

[01071BIWC. flliLU. TMRlTMR2Kf : - 40 
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mmmt ix = 2x1 y tu 6&b 
•P, 03 8©7*nu umiwttii 
MMicTfttfJ^. (io, $«tb. tmritm 
Rl, TMR2©7*rPO'il8ft FMttSilS 
£(/tl>4, 

[0108]#IC y*'J*Jl*|«WMR*Wl 
|«M2o©TMRISTMRl, TMR2*6 
fcTMRBTMRl. TMR20« 
ft, fcTMRBTMRl, TMR2«M? : - 

^tefi^mf mmm® ^x 
mn, 

[01081B8B. TMRBOMRht [%) <b JfitnR 

[Q]ottMkBft*i/TM. 
[oiio]»ij:k MRitii, mm 
mim(m),mm\t mmm 
htm. yAhwtwmmmat 

[Oil licet. TMRISTMR 1, TMR20M 

mmm om. mmmmib 

WTMRBTMRl. TMR2©ffiattlCH0tB, 
TMRBTMRH5tt*TMRBTMR2Wh02 

mumix, mwmmwmw* 
xm. 

[oii2]&*j. tmmwwt m. 

11 TMRI8TMR 2 © \ >*WJ 7©S3£ , TM 
RBTMRIOMW'JTOISMMKMC 
4IU9. */c, TMRISTMR 2©#SIffl£, TM 
RBTMR10ttB»J:9W»<«Ci<Cj:»l, 

[0113] COM. TMRISTMR 1, TMR2© 

iTOlc, BMtttCiiW. 
[0114] TMRISTMR 1, TMR2I1 »ft0tt 
WGt. fftfn. 2«(MHig 
h)WB18fl(Low)t44c4*mfe». 
TMRISTMR 1, TMR2«Rtm»,, R 
TM..I1 »«i;r.^uc^tJ:^4 
5. 

[0115] 
[ID 
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Rtmri 


RTWR2 




4 


2 




2 


1 



V0=(RB'V)/(R8+RTMR1+RTMR2) 

V«1,R8-4tt«i VM/(4+2t1)»0,57 
VlM(4+2+2)=0,5 
VHL-4/(44+l)=044 
VHH.4/(4+4+2).0,4 
VLL-VIM.07 
VlH-VHl.0,06 
Vhl-Vhh.0.04 



[01161ft. TMRISTMR 1 ©MR 
tii id "2" M "4" 4flt0, TMR1TMR 
2«§Rr«»,li. VXBT4&*. * 
/c, j«Rs©J8inlt Triiiti. 
[0117] COM. TMRISTMR 1 , TMR20I 

iwbkmt, 'nawwtoT.T 

MRBTMRI, TMR2©fffifiR tl ,ii, R 

THIlOflMtt, 411 ft. O Rt M R I 

= 2 (Low), R T m«»=1 (Low),® R 
thri =2 (Low), Rtm»2 =2 (Hig 
h) . <9R T m o i =4 (H i gh) . Rtmk. = 1 
(Low),© Rtmm =4 (High), R 
niii=2(High).*A6*i5, 

t *Mh, VLL, VLH, VHL, VHH4t4 
4, Ml$EVo*lV4lA4*lUt VLL = 
0, 57V, VLH = 0, 5V. VHL=0. 44V, 
VHH=0, 4V444, 



QN32, QN33©*>/t7««BLT, t»H 

bli, bl2, mmmmwm 

4. tMBBLl, BL2, BL3©-$(N?t* 
*M0Sh7>itt*QNl«) KB, «»mB2 
5ri«ti4. MBW25I1 tf9l-IBL 
1, BL2, BLSKMBttVyMOTft, 
[0124]N*tMMOSh7>itt*QN31. 
QN32, QN33I1 t y hg(BL 1, BL2, BL 
20 3©«i»i©Plic^Jh4, 

(0125UU, 8*MfWcJjl>Tlt MB 

3fiirH"wii«,nW3 

1, 03 2, 033©H©lo#"H" ^« 
6. Will WJUMClOTMRlif (TMRB 
TMRl)(ctft,T8*aMfiflte(Ctt. 01 1© 
Ms^t-UcWiM. INMHtl, 03 
1#T l/^44ife*, t?h«BLllC«WJ 
» e©e$, MBB4M1, *42, H3I1 

"L" HA4 flhTHi. 

[01 19] it MBEiMttt, VLL-VLH 30 [0 126] Jfc, Vxltt. "l"-»*ii*©^ 



=70mV, VLH-VHL=60mV, VHL-VH 

H=40mVf*o. en/dw©^*mi -HNC, 
Midffif-J) *«w«c4m4. 

[0120] «Ro©S» TMR1 
TMR1, TMR2©lliiIR TM » ,, R TMR! © 

^ti(4io)©^(^wfi) msfc- 

Wifil»ii4ttiH ft*©tWB«E*»&ct3WT* 
4, 

[012D4C4T, WtWHSffl 

MBUMMDHimttt. W3Wc2^TM 40 MR$f (TMRBTMR1) (C "1" - f- 

w>xmiidfi. mmmmmm^ 
3, 4, i--imuw).m> 5ii/ 

<JHJLt©f - f ©8« ii*/R*IUl/fctf 5 C 4 it 



©Mlif5M?*D. Vx2ll "0" -8*5i 
^©/cJi)©{8»W<4r«4, 
[01 27] mil "l"-8*WlCHiail 
mm, MBff^5, ♦11#T 

C©Bt. NRfi^e. 01211 "L"i/^ 
44on»4, COfcft ^1-7-FBWWLllC 
11 m«(BWUMI26^BiU) KM>? 
xmm. ffiot, hfiBL 147^9- 
F»WWL10JiaiCH3h4«iJt*MC10T 



[0122] 01011 mwbmrsM 

iRI/Tl>4. 

[0123]Wf^l, 031, 03 2, 03 3 
II WtMMOS^ittjrQNl, QN31, 



[0128] *te. "0" -WiiJWHctt, HU*C 

*tm, mmn, 01 i#t u^mc^ 
4. e©&§, mm^s. 01211 "L"b^4 

4otl>4. COfcft. 7^9-FBWWLlKB. 
€*6i (S»6MW2 7) IC|fy?t« 
SAW. SE-jt. K»hBBL149-(h7-Fi 
WWL 10SEriHCiB8ll*y*ytAMC 10TMR 
jR^(TMRlTMRl)«:"0 ,, -f-^jAj! 
50 ft4, 
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[oi 29] com. nmmtox.u 
wmut to mmMWkM.m 

ft.MBB4t31, *3 2. *33B. 

ttommtmmw* mx\t * 
-jmmmmvmt -unuix^ 

mmm cmkb. tmf-m 

[OlSOlttfcB. BBifiUKttfc*. 3X2*10 
0jf*W7M*flfiil/tl>4. CCt, 90 
9-FIWWL1, WWL2if v HJRBL 1. BL 
2, BL3«B, Wft >WMM 
(CIS, 2-?©TMR(8TMRl. TMR2*W4TM 
RB*)#BB3hTl>4. 

[0!3i J ccr. (tmr*?) mci 

1, 422, *41. Hi, 4434. UW)<£. 

, mn. 

L »J- K9- KWRWL 1 (CWdN^t^MOS 

-FBRVL2IC9jlilNNft«22B, VI* 
HUiXM. 

[0133]*/:, MWHIO" 1**4 
U B0MMW42, 443* "L" l/^it4 
fc. J»*2iffl28>H, J*nmc \ (N*t 
MMOSr^iWJWTMRJItf). frhSB 
LI. Nm^M0$r7>^QN41Ki>'$!ij 30 

hS. 

(0134} o*0. Mltf, 09^t/cMlii 

wane j: 0. m&Bmmt unm 
cwf-mtommvomn. co 
mwvot mt ^7>^s/Am^ 

mncilciO, >*'J*;MTMR*f)<Df-* 
[013 5]HllSWai2tt.H10O^'JW 

mc nc»ra»#ji*ttfiaoB*wu-cc»4. 40 
[oi36] ccr. wmcutmmt 

h/c2*5(DTMRI8TMRl, TMR24WU TMR 

BTMR1. TMR2©mDYKWB,B38IC 

jnttHftoTliiifiEtt. 

[0137] if, TMRHTMRllC»nf-*» 

»&»txt?r&(Hii). 

[01381WMK*!. *31tT 
U t^HBLlWiati^, T-f* 
i&ftttCB. MBB4t5, #11% "H" Mfc 
U "0" -Sfti&Mlca. MM^6. *114 50 
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"H" KJtat, 

[0139J*tt, yty^MClOTMRI? 
K. 9Yr9-FBmiWK?rBBLlKBft 

BBflB. TMRBTMRlomo^Ftt(B3 
8<0HS)©»B.«^tf. JftOtiBKUJWB 

[0140]*Ott*. ^'JfcMJClOTMRBT 
MR 1KB. WfrjiSte. ftfc. CO 
g, RBIC, >*y-i2;l/MC KDTMRISTMR2K: 
fa. WKW-fMMMha. 
[0141] COB, TMRBTMR2(CJt«f-> 
**ii**»ffS (El 2). 
[0142] TMRBTMR2lC>W"4f-*lfri&# 
BflW. TMRBTMRlKJtTftf-WiMift 
MMtt+1, *110Ti*A> 
TMRBTMRl lcjmf-miA*«fM 
fiOMBBWl. ♦HOT KJWD 1/2 Kft 

[0143]C®ttlC,MBBWl. 431* 
TW4L IMBBLllCWfciWi* 
K. V-8*iiAIJ(CB.HWH45, *11* 
T KJtiL "0" -fti&ftttcB, MBB9 
</>6. 01 1 ^ "H" ^r«7-FBW 

ClOTMRBflC. 9YF7-FBWWL1RW> 
rNBLl(C&hi«ftcJ:9^ghi6ftBJtt# 
Hi. 6BBHB, TMRBTMR207XfO^F 

M (H3 8^«)(WfBr*or.n tmri 

TMR107JWCHFBB (B380XB) Off!, 
[0144]*OfS$, ^'JWMC 10TMRHT 

mr2icb. wtof-mrmt, a*, co 

B$, ^'JWMClOTMRBTMRlOBIfcOttS 
(f-iOB, gfeKMftMB, BK. fft&» 
W7bfcTMRBTMR10MiW*8h4Ci 

Bfti>. 

[0145] COiK TMRBTMRl. TMR 2 
TMRBTMRl. TMR2KBW5Kf-«|»a 

bctttxn. tt mmmt tmristm 

Rl, TMR2O8HtOttB("l"XB"0")«:» 

IW4ci(cj;D, COBEMVoutMlM 

E 0 1 4 6 ) ft Js. *«TB. l>*'JtJl#)TMR 
JHW30TMRBTMR1. TMR2*>» 
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h, C02O0TMRBTMR1, TMR207XfP 

•30TMRBMt»W«Hcm»tt, CtWWT 
MRBOfflftiftftBtft, 2O0TMRBM** 
MBSIIlCltotfTt. FHtoftKBtCtft 

0, 2"50TMRBOtf«B*6i»a«SBfT 
*5. 

[01 47]^, *WWb^7>n 10 
, 7i't^^'J(D7 : M'^TOWO»l^(c-5l J 
T»WT5, 

[0148]B13St/B14B, 
BB!CBto4BB7>yA7i'tX>*';<Df/<^| 

[0149UOB«5>yA7m>*'JB.H3 

jnUtOi*«Cim5.CCr.H13at) ( 

mwm\tmt®-®mm, mm 

tilXM. 20 
[0150]*«fti«ll«, STI (Shallow 
Trench Isolation) mmtlMSW 

mi. t?0BB3OB, nmmm 

miXM. ft*. *«TB. H^8Sia30», 
STI«lt*6#, *Oft©ii(«jtK, LOCO 
Sffli) T?*^rtJ:l>. 

[o 15 1] n i<ammm>u 

0SF7>^^y-h» 'J-F7-FB12 
ift^Tl>5. MOS h*>^jr©y-^ltBUBI 3 30 
B, ^yi4t8flH/ty-XB(B«B) 15fclg 

[0182lMOSr7>^*(DFW>lU!il8 
B. 77*17, 19, 21S«18, 20, 2 
2mt, Hffl*TMRB^31lcB»3ti4. 

[o 153] 77*1 7B, mt mmm 
mm***, vm&mtti. n 

*19, 21SM1 8, 20, 22B, Wl\t 

[0154]TMR^31B,«n/cWT 40 
MRB4>6MB2tl«. CO«9*TMRBf3 IB, 

m\t 14, mmmmmxM, t 

MRW31B. IBB(B-*M»-3*nB 
fi) 22it^B230BK**hn>5. 
[01551TMRXf31<DiTKB.BBBBB2 
4W3n4. HnBUl24B. t»F823^g 

vmmmmxmttiimM 

mmVXM. TMRJW31KB. to mi 

^^^mof-j'^^ijini, so 
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[0156]%(C, B13SWai4d«7>^7 
«^^t'JOl6K5itKoi»tBBtft. 
[0157] if, ®\hWM\mtlW, P 
EP ( Photo Engraving Process) , CVD ( Cheraica 
1 Vapour Deposition ) , CMP ( Chemical Mechanic 
alBolishing ) ft£««4fljt>T, Wtiffil 
\\nt STI»jR^|ffl30«t4. 

[0158] tt mwttwmmm 
MMos ^yjmmth. t<o\i cv 
dim, MOSF9>i7Xjit^lcB9BBB3 
2%BBf4, PEPSOR IE (Reactive Ion Etchi 
nfl)*J8l»t eS32rt(C, M0Sr7>^f 

[0 1 59} *fc. ttBB32JblC 3>m*-A 
•iJ"J3>B. «fti') f It, CM 

VDftAt>T,tttt32k.ftllB33tftaT 

mtmmm ma, jH-ik® 

MMM) Wi, M. CMPfCi^S 
MWI/,B815, 18Wi, 
[01611ft*. 681 5B. V-XB (*!•)£ 

[0162]BWt. CVDMi>T.«BB33i 
IC. att(8344W4. PEPStfRIEtBl> 
t tfiiH34rt(C, /<-fr*-* (vf« hole) tBB 
t4. ^'•;ffi(Cj;*) l «»i34j:(C, Mn- 

mm) ttifiti. cod cMPwoiBtt 

«fBl, ^yi8tWtt4. 
[0163]^, B19SZH20<C$fJ:9K, C 

vDtttnnt. BttB34i(c, mmmt 

5. PEPWRI Et«or. ei35^(C, Sffi 

mm*. Mimw.mim* 

u<mm mn, mi cmpk^ia 
mmi, mzo, 2 mm, 

[0164]ft*.EB24B, S^WW 

mmtmmmmmt umt 
4. 

[01B51B&T. CVDtt€JBt>T,BBB351 
lc, BBB36«Htti.PEPStfRlE(Ai> 

mw, BBB36KC. Mn-hti&W 



23 

mm. m, wuwmmi. 1 
m\mn. 

to i eel ccr. mmmt mim 
mt) it, m (wm) zuium® 
mmn, mmta. bihw. m 

mm) mvwLmni, mwm 

t>. .tot, atuHBovsi*, mm<t 
I. 

[01671»K.B2iai«22lC*t«lC l C 
VD»T, 8BB361IC. 8813 7*MT 

mmn. MimM t mmit t E 
worn) mth. cm. m?um 
imn. 

(01 68 UK. 023&0024(C*tfcK C 

vdkiw. m«, kbih.uh. ^ 

*M!>7, *8B9tt*6ftMIBBtBftr&. 
COS, cn^8WB*'<f-->^l/. IUS4TMR 

(01691 %(C. B25KCJn926(Cm-rJ:9tC. C 

vDtt*flit>r. mmnmmmi 
m, mi cmumnmiom 
ami. mmimmmm 
n. it MummmMi. urn 
MtxvMnctm.mmim 

BUn 'M9-FB12KBmiMB 

(8BU8)23tlttft. 

(O17O]fell®I8<CJ;Q.fll3&0Bl40B 

Knwmwimn. 

[0171] [B2X«DflB]B27B.ttiDS 
25UWMi34i»7>n7ft^;t'J^ 
t«T**.028B, 027©XXV1||-X 

B, 5HC, Sfflt?r«23©lT(CTMRjKf4E 
BWSiSL »Z*c, »5A^(C»ST52r)©> 
* 'J M 1 -XDV-JBBB 1 3 W 1 o© V -JIB 

hic*x»t fe, yt'j MBBoBAto 9ftBtlft 

I0173]4WM1 iniC». STI (Shallow 
Trench Isolation ) 8fi«fl«*H*BH3 0*1 

im. x^bb3o», mmmnm 

ST 188*4**, *©ffe©8i (Willi, LOCO 
S88) T*iTWl>. 
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[0174]^«!lffillJ;(OMIf«3«:tt ) ;W 
sfffHTCMOSI'^ittfcMMMli. M 
0SI-5>^>©y-HBB, 'J-F7-F812 
tttotHS, WCU. ^©MtW, 2o<D 
M0Sr7>^«?ft*. CM 2-3© 
M0SF5>ttt*li, 10«DV-;<lBB13tt» 

[0175]Jfc. MOS^>Stt*0y-aiaB 
130, ^^u^irv-^W) 15 
Mh*. BP*>, #«T«, 

iTQHHMt, lTCV-^BBBlSafflO 

oy-^ai5«won»4. 

[01763V -^I0W 1 3 *«*T4 2 -WMO S 
BBlBtt, 77*17, 19, 2180GBB18, 

20, zikmix. mumnmih 
5, 

m. 2 is™ is, 20, imtM 
t. TMR*f3iAB. mi mmrnm 
mmumxu^. 

[0178]TMRJR*31AB. EBB (n-W 
>*-3** r E«l)22AiSIt-;r823©TBi 

wmmtixM, 

[0179] TMRSJ^ 1A0ITO. Wm 
24A«SftS. BBmfl24Att. SIt<;r 

mmvm mm) mxmu 

WMMWKM, TMRif 3 1 AtC 

mm, 

[0180]y-Xtt»13*»42o(DMOS 

mm, imi, 19, 21, iv mm 
1818, 20, 22B, itcmix, mm 

[oi8i] mt, mmm 

m, 2i, 21' w&mn, 20, 22B, 
22CU, mt rm-ok mrnmn 

Mite, it TMR8f31BB. Willi, 14 

MmmwMmmxu^, a 

34K*TJ:5&Bt©TMR8f?<>J;t>. 
[0182]TMRjg?31BB, £B»(n-W 
>*-3*nE8) 22C&KBtM8230lB 
£©IB|ICKB3ftTt>$, 

[0183]TMRff31BO81(C»,B8M8 
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mmm. %$BM2mt sit? (• ^^itwu, 
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[02H]C©H6. «?ttf. R1K7HI23A, 
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C»Jt9CC. to, 82«*ilM823B£77 
73 9#fi»Mi>Mlc. i»(D-*H»-3 
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